The standard model of the strong and electroweak interactions is transformed from the ordinary path integral with the Lagrangians of quarks and leptons and with the Abelian and non-Abelian gauge fields to corresponding self-energies. We apply the precise formulation in terms of massless Majorana Fermi fields with 'Nambu' doubling which naturally leads to the appropriate HST's (Hubbard-Stratonovich-transformations) of the self-energies and to the subsequent coset decomposition for the SSB (spontaneous symmetry breaking). The total coset decomposition of the Fermi fields is given by the dimension N 0 = 90 for the symmetry breaking SO(N 0 , N 0 ) / U(N 0 ) ⊗ U(N 0 ) where the densities of fermions, related to the invariant subgroup U(N 0 ), are contained in a background functional for the remaining SO(N 0 , N 0 ) / U(N 0 ) coset field degrees of freedom of total Fermi fields which are composed of quark and lepton pairs. We find that the Higgs field partially enters into a sum with the self-energies for the gauge field strength tensors so that it may be very difficult to observe pure, solely Higgs fields without a considerable contribution from the Abelian and non-Abelian gauge field strength self-energies. The self-energy matrices of the standard model, representing the irreducible terms of propagation, allow rigorous derivations for the so-called "effective", classical field theories as the Skyrme-like models from gradient expansions of the determinant remaining from the bilinear, anomalous doubled, fermionic field integrations.
INTRODUCTION
1 Introduction
The SO(90, 90) / U(90) ⊗ U(90) self-energy matrix for the total standard model
Although the standard model with the SU c (3) × SU L (2) × U Y (1) gauge interactions contains numerous undetermined parameters, it gives profound insight into the spontaneous symmetry breaking (SSB) of gauge symmetries with the Higgs mechanism [1, 2, 3] . The latter phenomenon causes the various masses of quarks and leptons which initially enter into the Lagrangian only as massless Majorana Fermi fields. The presented treatment starts out from the path integral for the standard model with axial gauge constraints and transforms the anti-commuting Fermi fields of leptons and quarks and also the gauge fields with their gauge field strength tensors to corresponding self-energies after suitable HSTs (Hubbard-Stratonovich-transformations). Apart from the Lagrangians of the standard model, we introduce symmetry breaking condensate 'seeds' for fermionic coherent wavefunctions and for the even-numbered pairs of 'Nambu' or 'anomalous' doubled Fermi fields [4, 5] . The self-energies of the gauge field strength tensors only contribute as background fields in common with the density parts of the total self-energy of the Fermi fields whereas the parts of the total self-energy, replacing the anomalous doubled Fermi field constituents, are the remaining field degrees of freedom in a coset decomposition. The various, prevailing transformations in this paper follow in analogy to the coset decomposition for the strong interaction case [6] . However, one has to extend the coset decomposition SO(N 0 , N 0 ) / U(N 0 ) ⊗ U(N 0 ) from the dimension N 0 = 24 for the QCD case with up-down (isospin) quark fields to N 0 = 90 under inclusion of the electroweak force. The dimension N 0 = 90 is attained from counting the independent components of quark and lepton Fermi fields with consideration of missing right-handed neutrinos. We finally achieve the effective generating function (1.1) of coset matricesT (Ψ) (x p ) = exp{−Ŷ (x p )} for anomalous doubled Fermi fields Ψ(x p ) = {ψ(x p ) ; ψ * (x p )} of leptons and quarks with the 'Nambu' metric tensorŜ for the process of doubling fields 2 The path integral (1.1) on the non-equilibrium time contour with the two branches 'p, q = ±' consists of the effective kinetic part ĤŜ with effective gauge terms from a saddle point computation of a background averaging functional (denoted by . . . ) with the self-energy "densities" of Fermi fields as the invariant subgroup in the coset decomposition for the SSB. In correspondence to appendix D of [6] , one can perform a gradient expansion with the gradient term (1.4) up to fourth order for an effective Lagrangian (Derrick's theorem [7] ); hence, one has obtained a reliable, convenient, non-perturbative, classical method for the dynamics within the total standard model from the spacetime evolution of the coset matricesT (Ψ) (x p ) (compare e. g. the 'Skyrme model' [8, 9] ). It is also possible to calculate the energy momentum tensor of (1.1-1.4) or of a gradientexpanded version from the infinitesimal spacetime variations (with inclusion of the variations of the coset integration measure
Z T (Ψ)
, SO(90, 90) / U(90)) in order to couple to gravity; the corresponding energy-momentum tensor of (1.1-1.4) has then to act as a source tensor in the classical Einstein-field equations [10, 11] . In this manner one can encompass all known interactions and their non-perturbative dynamics into the spacetime evolution of the coset matricesT (Ψ) (x p ) where the locally Euclidean spacetime coordinates dx µν (x p ) dx µ p = dz p,ν of the coordinate metric tensorĝ µν (x p ) to the curved spacetime dz p,µ which are determined from the Einstein field equations.
According to chap. 5 ("Derivation of a nontrivial topology and the chiral anomaly") in [6] , one can also conclude for Hopf invariants Π 3 (S 2 ) = Z from the quaternion eigenvalues and matrix elements of the generator Y (x p ) within the coset matrixT (Ψ) (x p ); however, there occurs an anomaly cancellation within the total standard model so that the total sum of Hopf invariants of the combined lepton and quark sectors should add to zero. This vanishing sum of Hopf invariants Π 3 (S 2 ) = Z should therefore constrain scattering and decays of combined quark and lepton fields, as e. g. in neutron decay n → p + e − + ν. The nontrivial topological configuration of fields can be rather involved for the case of the Hopf invariants; as one considers the pre-image of a point from the S 2 sphere within the internal space of fields to the compactified three dimensional coordinate space, one can attain closed, one dimensional loops or toroidal configurations [12] . In the case of the original Skyrme model, one assigns nontrivial configurations or 'solitons' of homotopy Π 3 (S 3 ) = Z to Baryons whereas our precise derivation [6] for the solely strong interaction leads to nonzero Hopf invariants Π 3 (S 2 ) = Z from the non-vanishing axial anomaly of QCD; in consequence, the transformed path integral in [6] with coset matrices is more closely related to the Skyrme-Faddeev model [13] . It is therefore also of interest for the total standard model to what extent nontrivial topological configurations (as the restrictive, vanishing sum of Hopf invariants) can determine prevailing field combinations as baryons or mesons with the leptonic sector of electrons and neutrions.
2 Anomalous doubling of Fermi fields within the standard model
Symmetry breaking source actions and anomalous pair condensates
The applied path integral for the standard model is given by contour time integrals (2.1) for forward η p=+ = +1 and backward η p=− = −1 propagation which is considered by the contour time metric (2.2), the contour time coordinates x µ p=± (2.3) and contour time derivatives∂ p=±,µ within the actions
The appropriate description of the standard model starts out from massless Majorana fields of fermions which obtain their corresponding masses from the spontaneous symmetry breaking with the Higgs phenomenon. We combine the strongly interacting quark fields q m (x p ) and lepton fields l m (x p ) of the three basic families m = 1, 2, 3 into one single fermionic spinor field ψ m (x p ) with the distinguishing labels ψ = " l", "q" where the tilde ' ' over l m (x p ) indicates the missing field degree of freedom for the right-handed neutrinos ν m,R (x p ) ≡ 0. 
According to the formulation of Ref. [14] , we point out the additional fact of the standard model that it is entirely specified in terms of 'Nambu' or anomalous doubled Fermi fields [4, 5] . In consequence this 'Nambu' doubling naturally leads to a coset decomposition for anomalous doubled pairs of Fermi fields with a removal of the self-energy densities as background fields.
We define in relation (2.9) the total gauge group SU c (3) ⊗ SU L (2) ⊗ U Y (1) (corresponding to Ref. [14] ) with the first Greek letters α, β, γ = 1, . . . , 8 for the eight gluon fields G α µ (x p ), with the first lowercase Latin letters a, b, c = 1, 2, 3 for the SU L (2) gauge boson fields W a µ (x p ) and with the Greek letters κ, λ, µ, ν, ρ of spacetime indices for the weak hypercharge gauge boson field B µ (x p ). Furthermore, the indices r, s = 1, 2, 3 and f, g = 1, 2 denote the matrix elements (λ α ) rs of (gluon) Gell-Mann matrices and the Pauli-iso-spin matrices (τ a ) f g for the electroweak doublets. However, we depart from the formulation of Ref. [14] concerning the 4 × 4 Dirac gamma matrices (γ µ ) IJ , (I, J, K = 1, . . . , 4) and separate these into 'Nambu' doubled parts A, B = 1, 2 consisting of 2 × 2 Pauli spin matrices (ˆ σ) i A j B (i A , j B =↑, ↓) for the massless Majorana Fermi fields. Consequently, the 2 × 2 Pauli spin matrices within the 4 × 4 Dirac gamma matrices transform the upper '↑' and lower '↓' spin components of the Majorana fields. The particular list of definitions is described in (2.10) to (2.16) where we especially hint to the split of the 4 × 4 Dirac gamma matrices (γ µ ) IJ , (I, J, K = 1, . . . , 4) into the 2 × 2 Pauli spin matrices for the anomalous doubling of Fermi fields within the off-diagonal blocks 'A = B' of (γ µ ) AB 
In the following the detailed labeling with the various indices is defined for the lepton and quark sectors of Fermi fields; this also allows to conclude for the dimension N 0 = 90 of the coset decomposition SO(
for anomalous pairs of fields and the unitary subgroup U(N 0 ) for self-energy densities as the vacuum or background states.
17-2.20) consist of the three families m, n = 1, 2, 3 with the left-handed neutrino l L = "ν l " and left-handed electron l L = "e L "; the latter distinction is also redundantly contained within the Pauli-iso-spin indices f, g = 1, 2 for the neutrino f, g = 1 and electron f, g = 2 where both notations will conveniently be applied in parallel. We therefore attain the dimension (m = 1, 2, 3)×(f = 1, 2)×(H = L)×(i A =↑, ↓) = 3·2·1·2 = 12 within the left-handed lepton sector. The right-handed sector of leptons (2.19,2.20) lacks the right-handed neutrino field degree of freedom l f =1,H=R = "ν H=R " ≡ 0 with the remaining right-handed electron part (2.20). As we count the contributing dimension of the righthanded lepton sector, we are left with a total of (m = 1, 2, 3)
The electroweak doublet structure of quarks q = "u", q = "d" (2.21,2.22) has equal numbers of right-and left-handed parts within the three families m = 1, 2, 3 where the notation of the 2 × 2 iso-spin matrices with f, g = 1, 2 equivalently refers to the u(p)-and d(own)-quark components. In comparison to the lepton sector, one has also to include the indices r, s = 1, 2, 3 of the Gell-Mann matrices for the gluons so that one acquires a total of (m = 1, 2, 3)
As we add the 18 components of the lepton sector to the 72 components of the quark sector to N 0 = 90 and as we consider the 'Nambu' metric tensorŜ AB (2.23) of the anomalous doubling, one finally achieves the total selfenergy matrix SO(N 0 , N 0 ) for the standard model to be decomposed into the coset part SO(N 0 , N 0 ) / U(N 0 ) of anomalous pairs and the unitary sub-group part U(N 0 ) of self-energy densities. Note that the 'Nambu' metric tensorŜ AB (2.23) has off-diagonal entries compared to previous investigations [15, 16, 6] . This is caused by the change of the anomalous doubled density of fields from ψ * (x p )·ψ( [15, 16, 6 ] to the considered case with 
Since one has to assign many indices for the lepton and quark sectors with its various subspaces, we have defined collective indices M ψ , N ψ or M l , N l and M q , N q (2.34-2.36) with the extension that a bar over an additionally listed index, as e.g. in M q (r, i A ) (2.36), denotes the omittance of these over-barred indices in the prevailing total collection of these 
a ,ĵ (B) ] (2.37) for the gauge field strength tensors with anti-symmetric, even-and real-valued source matricesĵ (B)µν (x p ), (2.39) ; however, we omit an anomalous kind of doubling as in the case of the Fermi fields whereas we allow for the rather general extension of the spacetime metric tensorη µληνρ (2.38) by corresponding θ-terms for possible, nontrivial θ vacua (see the description for possible, relevant changes by these θ-terms in Refs. [17] ) 
Finally, we can state the general structure of the generating function Z[Ĵ, J ψ ,Ĵ ψψ ;ĵ (Ĝ) ,ĵ (Ŵ ) ,ĵ (B) ] (2.43) for the standard model with the source actions
a ,ĵ (B) ] (2.37), with the integration over the anti-commuting fields of leptons and quarks (2.6,2.7) and the integration over the gauge fields G µ α (x p ), W µ a (x p ), B µ (x p ) whose chosen axial gauge conditions (2.40-2.42) are specified by the auxiliary, real fields s
a (x p ), s (B) (x p ) within the standard Fourier integral representation of corresponding delta functions containing constant vectors n (G)µ , n (W )µ and n (B)µ
The Lagrangian of the standard model in terms of currents and auxiliary Higgs fields
It remains to describe the detailed form of the kinetic, fermionic part L f f (x p ) and Higgs part L H (x p ) within the total Lagrangian L tot (x p ) where the gauge boson -current coupling L gj (x p ) determines the interaction of fermions and where one also has the additional, non-Abelian self-interaction in L gg (x p ) among the gauge fields
Although we follow the detailed description and specification of Lagrangian parts according to [14] , we again outline the various parts of the standard model Lagrangian L tot (x p ), in order to emphasize the natural appearance of an anomalous doubling of the Fermi fields, due to the proper formulation with massless Majorana Fermi fields and symmetry breaking terms [4, 5] . Therefore, one is guided by the formulation, corresponding to Ref. [14] , to the coset decomposition into 'Nambu' doubled pairs within the self-energy and remaining subgroup parts of the self-energy densities as background or vacuum state. We define from [14] 
The Higgs part L H (x p ) (2.51), whose non-zero vacuum value of φ a (x p ) = (φ 1 (x p ) , φ 2 (x p ) ) T causes mass terms of fermions and couplings among quarks according to the Kobayashi-Maskawa matrix [1] , is also given in correspondence to [14] ; however, we reformulate this part by introducing an anti-symmetric matrixF AB ψψ;M ψ ;N ψ (2.52) for the 'Nambu' doubled Fermi fields Ψ
, similar to the kinetic part which is also in total anti-symmetric, due to the anti-symmetric derivative operator∂ p,µ and symmetric, vectorial gamma matrices (2.45,2.46)
In analogy, the Lagrangian L gj (x p ) (2.53) with anomalous doubled Fermi fields within the various currents (apart from the pure Higgs currents j
We therefore include anti-symmetric and symmetric Pauli-isospin-matricesτ
(2.54) and the eight Gell-Mann (gluon) matricesλ q=d,H=R = +2/3 ; (2.58)
q;H=L = +1 , e (G)
The Lagrangian L gg (x p ) with quadratic terms of the gauge field strength tensorsĜ α µν (x p ) (2.67),Ŵ a µν (x p ) (2.68),B µν (x p ) (2.69) is given in relation (2.66) with the generalized metric tensorsη
(2.38) of θ-terms, the gauge couplings to the Higgs field densities (φ † (x p ) · φ(x p ) ), (φ † (x p )τ a φ(x p ) ) and the auxiliary, real fields s
for axial gauge fixing, respectively. Furthermore, we hint to the various coupling parameters g 3 , g 2 , g 1 of the strong, weak and hyper U Y (1) interactions which have already occurred in the coupling L gj (x p ) (2.53) of the gauge boson fields 
µν (x p ) and introduces the complementary self-energieŝ
µν (x p ), as Gaussian integration variables with anti-symmetric spacetime indices. In consequence the quadratic parts of the field strength tensors with linear coupling to source fields (first two lines in (3.4)) transform to the action (3.5) with the quadratic self-energies and remaining linear couplings between gauge field strength tensors and corresponding self-energies (last line in (3.4))
µν (x p )] × exp ı A Ŝ (Ĝ) α ,ĵ µν (x p ), being anti-symmetric in spacetime indices, and into the auxiliary, real, axial gauge determining fields s (G) α (x p ), s (W ) a (x p ), s (B) (x p ) with constant vectors n (G)µ , n (W )µ , n (B)µ . Therefore, one achieves following relation (3.8) for the gauge-gauge and gauge-fermion current Lagrangians L gg (x p ) (2.66), L gj (x p ) (2.53) with the source action A sg [ĵ
a ,ĵ (B) ] after integrating Gaussian terms of gauge fields G βµ (x p ) . . . G γν (x p ), W bµ (x p ) . . . W cν (x p ), B µ (x p ) . . . B ν (x p ) with linear couplings to the fermion currents and to the derivatives of the gauge field strength self-energies Since the various transformations of this section appear to be involved, we give further details in appendices of subsequent articles for the various steps which lead to (3.8) with the particular defined parts of composed cur-
αµ (x p ) (3.10), J
aµ (x p , B µ (x p ) ) (3.12), J
aµ (x p ) (3.13), J
µ (x p ) (3.15) and with the corresponding propagatorsM µν (Ŝ (Ŵ )λρ a (x p ), φ † (x p ), φ(x p ) ) (3.14) for the strong, electroweak and hypercharge cases, respectively.
4 HST and coset decomposition of anomalous doubled Fermi fields 4 .1 Transformation of current-current terms or quartic, bilinear Fermi fields to selfenergies of electroweak forces which will be considered separately. The various steps of sections 3 and 4 can be directly transferred to super-symmetric cases where one can perform a similar anomalous doubling of Fermi fields, but with inclusion of similar 'Nambu' doubling for the bosonic partners in the total chiral super-fields.
